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(57) ABSTRACT 

A system for determining a communication protocol of a 
communication device operating on digital subscriber lines 
includes a communication server coupled to a number of 
subscribers using a number of subscriber lines. The com- 
munication server comprises a first communication device 
that communicates with a second communication device 
using a particular subscriber line. A processor coupled to the 
communication server deterrnines that the first communica- 
tion device is inoperable to communicate with the second 
communication device using a first communication protocol. 
In response, the processor initiates the operation of the first 
communication device using a second communication pro- 
tocol. 

26 Claims, 5 Drawing Sheets 
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SYSTEM AND METHOD FOR 
DETERMINING A COMMUNICATION 
PROTOCOL OF A COMMUNICATION 
DEVICE OPERATING ON DIGITAL 

SUBSCRIBER LINES 5 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Tnis application is related to and filed concurrently with 
pending U.S. patent application Ser. No. 09/365,163, 
entitled "System and Method for Determining the Data Rate 
Capacity of Digital Subscriber Lines" and pending U.S. 
patent application Ser. No. 09/364,775, entitled "System and 
Method for Determining the Transmit Power of a Commu- 
nication Device Operating on Digital Subscriber Lines." 
These applications have been commonly assigned to Cisco 
Technology, Inc. 

TECHNICAL FIELD OF THE INVENTION 

20 

This invention relates in general to data communication, 
and more particularly to determining a communication pro- 
tocol of a communication device operating on digital sub- 
scriber lines. 

25 

BACKGROUND OF THE INVENTION 

Traditional telephone networks are designed to provide 
voice transmissions, and performs this function well. In 
general, however, the existing telephone networks are not 3Q 
adept at high speed data transmission. Digital Subscriber 
Line technology (DSL) uses existing twisted pair telephone 
lines to transport high bandwidth data, such as multimedia, 
video on demand, and Internet access, to data service 
subscribers. DSL technology uses a DSL transceiver unit 35 
(e.g. modems, splitters, and other communication 
equipment) at the central office of the data services provider 
and at the subscriber premises to utilize a greater range of 
frequencies of the telephone line than traditional telephone 
services, resulting in high speed data transmission. 40 

To receive data services, therefore, a subscriber must 
install the proper communication equipment at the sub- 
scriber premises to support transmitting and receiving data 
using DSL technology over the existing telephone lines. 
Under certain circumstances, even a subscriber having the 45 
proper communication equipment may be unable to receive 
data services using particular DSL technologies. Since the 
communication equipment required at the subscriber pre- 
mises may be expensive and the quality of data services 
received is uncertain, a potential data services subscriber 50 
may request from the data services provider an estimate of 
the data rate capacity of the telephone line servicing the 
potential subscriber before installing the communication 
equipment. 

The data rate capacity of an existing telephone line 55 
generally defines the maximum throughput of the telephone 
line and typically depends on a number of factors. For 
example, the data rate capacity of a particular telephone line 
depends on the length of the telephone line, the gauge of 
wiring used in the telephone line, and the number and type 60 
of noise or interference producing elements present near the 
telephone line. A typical telephone line may be arranged in 
one or more binder group segments. In general, a binder 
group segment comprises a collection of telephone lines that 
share a common sheath. Each of the factors which affects the 65 
data rate capacity of a particular telephone line may vary 
among the different binder group segments of that telephone 
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line. In addition, the provisioning of data services to a 
subscriber premises over a telephone line in a particular 
binder group may contribute to the noise and distortion upon 
other telephone lines within the same binder group, thereby 
degrading the services already provided to other subscriber 
premises. 

Due to the number of factors affecting the data rate 
capacity of a particular telephone line, data services provid- 
ers often cannot provide an accurate estimate of the data rate 
capacity to a potential subscriber. In some cases, a data 
services provider may perform a "truck roll" — the dispatch 
of a service technician to install communication equipment 
or to configure the telephone line at the customer premises — 
to determine the data rate capacity of a particular telephone 
line. A truck roll, however, is time consuming and cost 
prohibitive for the data services provider and the subscriber. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a system for 
determining a communication protocol of a communication 
device operating on digital subscriber lines is provided 
which substantially eliminates or reduces disadvantages and 
problems associated with previous communication systems. 

In accordance with one embodiment of the present 
invention, a system for determining a communication pro- 
tocol of a communication device operating on a twisted pair 
subscriber line includes a communication server that couples 
to a number of subscribers using a number of subscriber 
lines. The communication server comprises a first commu- 
nication device that communicates with a second commu- 
nication device using a particular subscriber line. A proces- 
sor coupled to the communication server determines that the 
first communication device is inoperable to communicate 
with the second communication device using a first com- 
munication protocol. In response, the processor initiates the 
operation of the first communication device using a second 
communication protocol. 

Another embodiment of the present invention is a method 
for determining a communication protocol of a communi- 
cation device operating on a twisted pair subscriber line. The 
method includes identifying a first communication device of 
a communication server coupled to a second communication 
device using a particular subscriber line. The method con- 
tinues by determining that the first communication device is 
inoperable to communicate with the second communication 
device using a first communication protocol The method 
concludes by initiating the operation of the first communi- 
cation device using a second communication protocol. 

Technical advantages of the present invention include a 
system for determining the data rate capacity of a twisted 
pair subscriber line that includes a communication server, a 
memory, and a processor. The memory stores attenuation 
information, noise information, or any other subscriber line 
information for a plurality of subscriber lines. The processor 
determines the data rate capacity of a selected subscriber 
line using the attenuation information and the noise infor- 
mation. In this respect, a data services provider in the system 
may pre-provision data rates for the subscriber line of a 
subscriber prior to activating data services for the commu- 
nication equipment at the subscriber premises. 

An important advantage of the system is that the com- 
munication server includes one or more communication 
devices that support determining subscriber line information 
while providing data services to subscribers during opera- 
tion. The processor collects the subscriber line information 
from the communication server for storage in the memory. 
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In this respect, the processor may collect subscriber line 
information from a number of communication servers in the 
system. 

Another advantage of the system is that the memory can 
store attenuation information for a particular subscriber line 
based upon the constituent binder group segments of the 
subscriber line. The processor may then determine the 
attenuation information of a selected subscriber line accord- 
ing to the attenuation characteristics contributed by each of 
its constituent binder group segments. In this respect, the 
system may more accurately determine the data rate capacity 
of a selected subscriber line. 

Another advantage of the present invention is a system for 
determining the transmit power of a communication device 
operating on a subscriber line of the system. The system 
includes a communication server having a communication 
device that operates on the subscriber line, a memory, and a 
processor. The memory stores noise information and cross- 
channel-coupling information for a plurality of subscriber 
lines in the system. The processor determines the transmit 
power of the communication device based upon the noise 
information and the cross-channel-coupling information. By 
determining the optimal transmit power of a communication 
device, the system may provide data services to a subscriber 
that does not degrade the data services provided to other 
subscribers. 

A further advantage provided by the present invention is 
that the system may select a communication protocol for the 
communication device that is best adapted to provided the 
determined transmit power spectrum. In some instances 
when the communication device is inoperable to communi- 
cate data using a first communication protocol, such as an 
xDSL communication protocol, the system may operate the 
communication device using an alternative communication 
protocol, such as a V-series communication protocol. In this 
respect, a subscriber of the system is less likely to suffer a 
loss of data services. 

Other technical advantages are readily apparent to one 
skilled in the art from the following figures, descriptions, 
and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven- 
tion and its advantages, reference is now made to the 
following description taken in conjunction with the accom- 
panying drawings, in which like reference numbers indicate 
like features and wherein: 

FIG. 1 illustrates a block diagram of a communication 
system that provides telephone and data service to subscrib- 
ers in accordance with the present invention; 

FIG. 2 illustrates one arrangement of subscribers in the 
communication system; 

FIG. 3 illustrates one example of subscriber line infor- 
mation stored in a database of the communication system; 

FIG. 4 illustrates one example of communication device 
information stored in a database of the communication 
system; 

FIG. 5 illustrates a method for managing subscriber line 
information for the communication system; 

FIG. 6 illustrates a method for determining the transmit 
power of communication devices operating on a subscriber 
line of the communication system; 

FIG. 7 illustrates a method for determining the data rate 
capacity of a subscriber line of the communication system; 
and 
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FIG. 8 illustrates a method for determining a communi- 
cation protocol of a communication device operating on a 
subscriber line of the communication system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates a communication system 10 that pro- 
vides both telephone and data services to subscribers 12. 
Each of several central offices 14 is coupled to a number of 
subscribers 12 using subscriber lines 16. A system man age - 
1 ment server 18 is coupled to each central office 14 using a 
data link 20. A system management database 22 is coupled 
to each central office 14 using a data link 24 and coupled to 
server 18 using a data link 26. In general, database 22 stores 
subscriber line information 28 and communication device 

15 information 29 defining the physical and operating charac- 
teristics of subscriber lines 16 and communication devices 
60 of communication system 10, respectively. In one aspect 
of operation, system management server 18 determines the 
approximate data rate capacity of selected subscriber lines 

20 16 for subscribers 12 using subscriber line information 28 
stored in database 22. In another aspect of operation, server 
18 determines the optimal transmit power for a communi- 
cation device operating on a subscriber line 16. In yet 
another aspect of operation, server 18 determines that a 

23 communication device 60 is inoperable to communicate 
with a communication device 42 using a first communica- 
tion protocol and, in response, initiates the operation of 
communication device 60 using an alternative communica- 
tion protocol. 

30 Subscriber 12 includes a telephone 30 and a computer 32, 
both coupled to an interface 34. A splitter 36 is coupled to 
subscriber line 16 and operates to split subscriber lines 16 
into a twisted pair phone line 38 and a twisted pair data line 
40. In a particular embodiment of system 10 employing the 

35 "G.lite" standards of the International Telecommunications 
Union — Telecommunications Standard Section, splitter 36 
need not be used. Phone line 38 is coupled to telephone 30 
using interface 34. Similarly, data line 40 is coupled to 
computer 32 using interface 34. Subscriber 12 refers to the 

40 subscriber premises shown in FIG. 1, one or more compo- 
nents at the subscriber premises, as well as the user of these 
components. 

Telephone 30 is a traditional telephone transceiver, a 
cordless telephone transceiver, or any other device suitable 

45 for allowing communication over telephone line 38. Com- 
puter 32 comprises a mainframe device, mini-frame device, 
server, desktop personal computer, notebook personal 
computer, or other suitable computing device. A computer 
32 of a subscriber 12 already equipped to receive data 

so service from communication system 10 includes an xDSL 
modem 42 that communicates data using data line 40. 
Subscribers 12 seeking to obtain but which do not currently 
receive data service from communication system 10 may or 
may not yet be equipped with a modem 42, and are generally 

55 referred to as new subscribers 12. Modem 42 couples to 
other components of computer 32 using a Peripheral Com- 
ponent Interconnect (PCI) bus, an Industrial Standard Archi- 
tecture (ISA) bus, a Personal Computer Memory Card 
International Association (PCMCIA) Interface, or any other 

60 suitable technology that provides input/output capability to 
computer 32. The selection and design of modem 42 for 
computer 32 may depend on the type or functionality of 
computer 32, the data rate capacity supported by data line 
40, and the communication protocols supported by central 

65 office 14, as described in greater detail below. 

Modem 42 comprises any suitable communication device 
that transmits and receives data in communication system 10 



01/06/2004, EAST Version: 1.4.1 



US 6,631,120 Bl 

5 6 

using any suitable digital subscriber line technology line 16, including the length of subscriber line 16; its wire 
(xDSL), referred to generally as an xDSL communication gauge; and the presence of bridged taps, cross-coupled 
protocol. Modem 42 also supports Ethernet; fast Ethernet; interference, or any other noise or interference producing 
V-series data protocols such as V32 bis, V.32 terbo, V.34, elements, generally referred to as disturbers, in system 10. 
V.42, V.42 bis, and V.90; data frame relay; Asynchronous s information defining the physical and operational charac- 
TransferMode (ATM); switched multi-mega-bit data service t er istics of a subscriber line 16 is generally referred to as 
(SMDS); high level data link control (HDLQ; serial line subscriber line information 28. 
Internet protocol (SLIP); point-to-point protocol (PPP); _ ,. , . . . «,„ . ,. , . . . ~, . . 
transmission control protocol/Internet protocol (TCP/TP); or , Downhnk data rate 80 and uplink data rate 82 depend on 
any other appropriate protocol, collectively referred to as in *e ^pecific communication protocol employed, the quality 
digital communication protocols. Digital communication 10 and ?* ^scriber lule ls > contribution of noise 
protocols and xDSL communication protocols may be " d , distortion from other components ro communication 
genetically and/or collectively referred to as communication s y slem , 10 ' an .y otber P^ 510 * 1 or fP'™"^ character- 
protocols. Computer 32 may include a network interface to ^ ° f a subscriber line 16. A particular advantage pro- 
receive data from central office 14 or to further communicate , , vlded b * communication system 10 is that system manage- 
data to a local area network (LAN), wide area network 15 ment server 18 may approximate dowrJirJc data rate 80 and 
(WAN), or other suitable network coupled to computer 32 u P lu * data rate 82 for a particular subscriber line 16 using 
using link 44. In general, modem 42 translates information Physical and operational charactenstics of the particular 
between the communication protocol supported by commu- s*bscrfoer line 16 and other subsenber hnes 16 as mdicated 
nication system 10 and the digital protocol supported by on b y subscriber line information 28 stored in database 22. In 
computer 32 regard, a central office 14 may pre-provision data rates 

y , r * A , . i. » 0 . . , . , A j 80 and 82 for a subscriber line 16 of a new subscriber 12 

Interface 34 couples phone line 38 to telephone 30. and . , , • c j *<* r 

j . i • . t t .j- t ■ . _r ia pnor to activating data services for modem 42 or for any 

data hne 40 to computer 32. In one embodiment, interface 34 f \. .7. . . , , +4 

..... K r . , JV i*i u -.n other commumcaUon equipment at subscriber premises 12. 

provides additional couplings to additional telephones 30 n r r 

and computers 32 at subscriber 12. Splitter 36 is a passive „ CeDtral office 14 includes a splitter 50 coupled to sub- 

or active splitter that divides subscriber line 16 into phone scriber Kncs 16 - Likc s P Utter 36 at subscriber 12, splitter 50 

line 38 and data line 40 of the same type. Throughout this at antral office 14 is a passive or active splitter that divides 

description, phone line 38 and data Hne 40 may be referred subscriber line 16 into a twisted pair phone line 52 and a 

to specifically, or collectively as part of subscriber line 16. twisted pair data line 54. Phone line 52 and data line 54 

Communication system 10 includes a plurality of central 30 ^sociated with subscriber hne 16 may be th^gmeM^ 

offices 14 coupled to system management server 18 and j^ Dt jl P ^ 

system management database 22. Each central office 14 is I^S^^^^W ^^^^^^ 

coupled to subscribers 12 using twisted pair subscriber lines P 7 ™^^^ 

16. In an exemplary embodiment, each central office 14 s ^ r ™^ swiWg^ 

provides phone and data service to many subscribers, with 35 ^P^g^M 

each subscriber 12 including one or more components ? 6 i£gffiSSSSS^ 

described above at its premises. The subscribers and sub- satelhtes, microwave hnks, and other communication facih- 
scriber hnes in communication system 10 are referred to ties-to-deliver'telephone service to subscriber'12. 
collectively in the plural as subscribers 12 and subscriber A communication server 58 comprises any suitable corn- 
lines 16. 4 0 bination of hardware and software that resides at central 
Subscriber line 16 couples subscriber 12 to central office office 14 > at a remote tenninal, or any other suitable access 
14. Subscriber line 16 comprises twisted pair wiring that is P oinl in svstem 10 that ^ ows coupling to local loops formed 
commonly installed at subscriber premises and as the local b V subscriber lines 16. In one embodiment, a communica- 
loop in many public switched telephone networks (PSTNs). 11011 server 58 cou P les to splitter 50 of central office 14 using 
Subscriber line 16 may be unshielded twisted pair (UTP), 45 data ^ 54 Generallv > communication server 58 manages 
shielded twisted pair (STP), or any other suitable type or ^ provisioning of data service to subscriber 12, and 
category of twisted pair wiring made of copper or other includes modems 60 coupled to a controller 62 using a link 
suitable material. Phone line 38 and data Hne 40 associated ** 4 * 

with subscriber line 16 may be the same or different type or A modem 60 comprises any suitable communication 
category of twisted pair wiring. A subscriber line 16 between 50 device that transmits and receives data in communication 
central office 14 and a particular subscriber 12 may be system 10 using any suitable communication protocol sup- 
arranged in a binder group 45 comprising one or more binder ported by subscriber lines 16. Modems 60 may be integrated 
group segments 46. Id general, a binder group segment 46 into any suitable chipset that includes the appropriate hard- 
comprises a collection of subscriber lines 16 that share a ware and memory to support the data scrambling and 
common "sheath" Interference between subscriber lines 16 55 descrambling, encoding and decoding, interleaving and 
in a binder group 45 presents a level of complexity in xDSL deinterleaving, data insertion and extraction, filtering, 
deployment, as described in greater detail below with regard amplifying, and other signal processing techniques 
to FIG. 2. employed by the appropriate communication protocols. 

In general, communication system 10 employs xDSL Modem 60 refers to one or more modems at central office 14, 

technology to provide high-bandwidth downlink data rates 60 as well as any of the components of the modem chipset. 

80 and uplink data rates 82 for subscriber lines 16. Data rates Controller 62 comprises any suitable combination of 

80 and 82 comprise a measure of the number of data bits that hardware and software that performs off-hook detection to 

may be transmitted by subscriber line 16 from central office determine if subscriber 12 desires data service and couples 

14 to subscriber 12 and from subscriber 12 to central office a modem 60 to subscriber line 16 upon detecting a need for 

14, respectively, as a function of time. Typically, data rates 65 data service from a computer 32 of subscriber 12. Controller 

80 and 82 of a subscriber fine 16 depend on a number of 62 also tracks subscriber usage, monitors subscriber infor- 

physical and operational characteristics of the subscriber mation and generates billing and demographic information. 
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An important advantage of communication server 58 is application 102. Computing platform 100 includes a pro- 
that modems 60 support determining subscriber line infor- cessor 104 coupled to one or more output devices 106, such 
mation 28 of subscriber lines 16 while providing data as a display or speaker, and one or more input devices 108, 
service to subscribers 12, as described in detail below. such as a keyboard or mouse. Platform 100 also includes a 
System interface controller 74 polls modems 60 5 communication interface 110, such as the appropriate hard- 
periodically, in response to an external stimulus, or upon an ware (e.g., one or more modems, terminal adapters, or 
event time-out to collect the subscriber line information 28 network interface cards) and software (e.g., protocol con- 
fer subscriber lines 16 and to communicate it to system version and data processing software) to communicate with 
management server 18 using links 76 and 20. modems 60 using interface controller 74. Platform 100 also 
^Communication servefi 58 multiplexes modem digital" J0 includes memory 112 that stores application 102 and any 
outputs into a multiplexed digital line 66 for delivery, to a j associated files, tables, or buffers, in RAM, ROM, 
router or other network device 68. In one embodiment! j CD-ROM, or any other form of magnetic or optical storage, 
multiplex digital line 66 carries a single, bidirectional and / Application 102 comprises a set or collection of 
multiplexed signal for all subscribers 12 of a particular ' instructions, procedures, and/or related data adapted for 
central office 14. Signals on multiplexed digital line 66 may implementation in a suitable computer language such as, for 
support any appropriate digital protocol used by network example, C, C++, or any other suitable development lan- 
device 68. In this regard, communication server 58 and 
'network device 68 may form a portion of a Digital Sub- 



scriber Link Access Multiplexer (DSLAM) 69 at central 
/ office 14. A communication network 70, such as a global 



guage. Application 102 may be a stand-alone application or 

delivered integral to or with other system management 

software. In general, application 102 determines the optimal 

. . L , ,„ . T 4 , . 1 j * on transmit power spectrum density of modems 60 and 42. 

communication network like the Internet, is coupled to 20 r f: , • , p mmmil „: 

1 j * co ■ *- * 1 <ta i_ Application 102 also determines the appropriate communi- 

network device 68. Communication network 70 may also \ ,f , . f * ,n *\ A % _ - j- Anin 

include a synchronous optical network (SONET), a frame \\ catlon P r ° toco1 * ™ [ toT * l ™ 6 ™ «? g , , 

; relay network, an Asynchronous Transfer ModrCAI^// services to a subscriber 12 Application 102 further deter- 

; n'e^orkSlirTS, El, or E3 network, or any othtrTuitable;/ mmes * e approximate data rate capacity 80 and 82 of 

com 5u1iica tior7^elwork^ \ ( / 25 subscriber lines 16. 

L - System interface controller 74 comprises any suitable System management database 22 comprises any suitable 

system controller card at DSLAM 69 that supports simple form of memory arranged, for example, as a data storage 

network management protocol (SNMP), or any other suit- facility or a data warehouse that provides a consistent, 

able protocol that communicates data to system management updated, and integrated view of subscriber line information 

server 18 using link 20 and any suitable in-band or out-of- 30 28 and communication device information 29 gathered by 

band signaling techniques. In particular, system interface central offices 14 and system management server 18 of 

controller 74 communicates to server 18 as SNMP variables system 10. Information 28 and 29 may be stored in files, 

the subscriber line information 28 extracted from various tables, charts, matrices, or in any other suitable organization 

components of system 10, such as from modem 60. Line 20 of data that is readily accessible by server 18 and central 

comprises any suitable switched or dedicated communica- 3S offices 14. Server 18 and database 22 may be referred to 

lion path that supports communication between controller 74 collectively as a communication facility, 

and server 18 using SNMP, or any other suitable protocol. Subscriber line information 28 comprises information 

Although controller 74 is illustrated in FIG. 1 integrated into defining the physical and operational characteristics of sub- 

DSLAM 69 at central office 14, it should be understood that scriber lines 16 in system 10. Information defining the 

one or more controllers 74 may alternatively be integrated 40 physical characteristics of subscriber lines 16 includes a 

into and managed by server 18 on behalf of one or more subscriber line identifier, the length of each subscriber line 

central offices 14. In this regard, server 18 may collect 16, the number and arrangement of binder group segments 

subscriber line information 28 from a number of central 46 for each subscriber line 16, the gauge of twisted pair 

offices 14 in communication system 10. wiring used in each binder group segment 46 of subscriber 

Database management server 72 may comprise any suit- 45 une 1 6 > lne number and type of disturbers for each binder 
able computing platform operating database management group segment 46 of subscriber line 16, cross-channel 
software that generally stores, updates, and retrieves infor- coupling information for subscriber lines 16, or any other 
mation. The database management software may be used to information defining the physical characteristics of sub- 
access several different databases stored locally or remotely scriber lines 16. The information defining the physical 
for different purposes within central office 14. In one 50 characteristics of subscriber line 16 may be maintained by 
embodiment, the database management server 72 of a par- either system management server 18 or by the database 
ticular central office 14 maintains in system management management server 72 of each central office 14 in system 10. 
database 22 a portion of subscriber line information 28. The information defining the operational characteristics 
Typically, this information includes a subscriber line of subscriber lines 16 includes attenuation information and 
identifier, the length of the subscriber line, the gauge of 55 noise information for subscriber lines 16 of system 10. The 
twisted pair wiring used for the subscriber line, and the attenuation information and noise information may be deter- 
number and type of disturbers associated with the subscriber mined as a function of the information defining the physical 
line 16. In one embodiment, this information may be stored characteristics of subscriber lines 16 by performing attenu- 
arranged according to the different binder group segments ation estimation and noise estimation algorithms. 
46 of each subscriber line 16. The database management 60 Alternatively, the attenuation information and the noise 
software operating on server 72 manages the security and information of a particular subscriber line 16 may be deter- 
user access of the stored information on behalf of central mined based upon information acquired by the appropriate 
office 14. A user with proper security clearance may access modem pairs (e.g., a modem 60 at central office 14 and a 
server 72 and database 22 to store, update, or retrieve the modem 42 at subscriber 12) over a statistically significant 
above-identified subscriber line information 28. $s period of time, as described in greater detail below. 

System management server 18 comprises any suitable Communication device information 29 comprises infor- 

computing platform 100 operating a system management mation defining the physical characteristics of communica- 
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tion devices in system 10 such as the number and type of 
modems 60 available for use, and the type of communication 
protocols supported by modems 60. Information 29 further 
comprises information defining the operational characteris- 
tics of communication devices in system 10, such as the 
number of times a particular modem 60 fails to communi- 
cate with a particular modem 42 using a particular sub- 
scriber line 16 and a particular communication protocol. 
Communication device information 29 is described in 
greater detail with reference to FIG. 4. 

Communication system 10 supports data service over 
subscriber lines 16 using asymmetric digital subscriber line 
(ADSL), symmetric digital subscriber line (SDSL), high 
speed digital subscriber line (HDSL), very high speed digital 
subscriber line (VDSL), or any other suitable xDSL com- 
munication protocols that allows high rate data service over 
twisted pair wiring. Each of these xDSL communication 
protocols provides data service using existing subscriber 
lines 16 without interrupting normal telephone service. This 
is accomplished, for example, by a separation technique, 
such as frequency division multiplexing (FDM) or echo 
cancellation, to separate frequencies that provide telephone 
service from those frequencies that provide data service. 
Dynamic noise cancellation techniques and a guard band 
between the data and phone service frequencies ensure 
reliable and simultaneous access to data and phone service 
over subscriber line 16. For example, subscriber 12 may 
simultaneously engage in both a data communication ses- 
sion using computer 32 and a voice conversation using 
telephone 30. 

In one embodiment, subscriber line 16 and components of 
subscriber 12 and central office 14 support communication 
using ADSL techniques that comply with ANSI Standard 
T1.413, such as discrete multi tone (DMT) modulation. In 
another embodiment, ADSL communication may be per- 
formed using carrier-less amplitude modulation (CAP). In 
an ADSL communication system, the downlink data rate 80 
from central office 14 to subscriber 12 is greater than the 
uplink data rate 82 from subscriber 12 to central office 14. 
This allows high bandwidth communication to subscriber 
12, while still providing lower bandwidth communication to 
central office 14. ADSL communication is well adapted for 
applications, such as video-on-demand, multi-media, and 
Internet access, that transfers large volumes of information 
to subscriber 12 in response to shorter requests for infor- 
mation. Although portions of the following description of 
the operation of system 10 are detailed in terms of commu- 
nication using ADSL techniques, it should be understood 
that the features and functions of system 10 also apply to the 
other xDSL communication protocols discussed above. 

In operation, communication system 10 generally pro- 
vides phone and data services to those subscribers 12 having 
the proper communication equipment at the subscriber pre- 
mises. To access data services, in particular, a subscriber 12 
operates a modem 42 that exchanges data with a modem 60 
of a central office 14 using any suitable communication 
protocol. 

The provisioning of data services to a new subscriber 12 
over a subscriber line 16 in a particular binder group 45 may 
contribute to the noise and distortion upon other subscriber 
lines 16 within the same binder group 45, thereby degrading 
the services already provided to other subscribers 12. 
Therefore, a central office 14 may endeavor to provide data 
services to a new subscriber 12 that does not degrade the 
services provided to other subscribers 12 by determining an 
optimal transmit power spectrum density of modems 60 and 
42 operating on subscriber lines 16 for new subscribers 12 
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and by selecting the communication protocol that is best 
adapted to provide the determined power spectrum density. 

Because the downlink data rate 80 and uplink data rate 82 
of a particular subscriber line 16 varies depending on the 

5 specific communication protocol employed, the quality and 
length of the subscriber line 16, and the contribution of noise 
and distortion from disturbers within system 10, a new 
subscriber 12 may request from a central office 14 approxi- 
mations for data rates 80 and 82 supported by the subscriber 

10 line 16 before activating modem 42. In some cases, central 
offices 14 provide inaccurate estimations of data rates 80 and 
82. In other cases central offices 14 must perform a "truck 
roll" — the dispatch of a service technician to activate a 
modem 42 or to configure a subscriber line 16 — prior to 

1 5 determining data rates 80 and 82. This may be time con- 
suming and cost prohibitive for central offices 14 and 
subscribers 12. 

The system management server 18 of system 10 supports 
determining and controlling the power spectrum density of 

20 modems 60 and 42, and determining data rate capacity 80 
and 82 for a particular subscriber line 16 using subscriber 
line information 28 stored in system management database 
22. In particular, system management server 18 extracts 
subscriber line information 28 from various components of 

25 system 10, such as modems 60 of central offices 14; pro- 
cesses information 28 for storage in system database 22; and 
accesses selected subscriber line information 28 stored in 
database 22 to determine the appropriate power spectrum 
density of modems 60 and 42 and the approximate data rate 

30 capacity 80 and 82 of subscriber lines 16. In this regard, 
server 18 manages the various components of system 10. 

In addition to storing subscriber line information 28 
collected by database management servers 72 of central 

35 offices 14, system management database 22 stores informa- 
tion 28 processed by system management server 18, such as 
attenuation information and noise information. Server 18 
extracts subscriber line information 28 from various com- 
ponents of system 10, such as modems 60 of communication 

40 server 58, using system interface controller 74. 

Modems 60 may collect information defining the opera- 
tional characteristics of subscriber lines 16 while providing 
data services to subscribers 12. This process of gathering 
subscriber line information 28 is referred to as "modem 

45 training," and generally occurs during the normal course of 
operation of system 10. Although the following description 
of modem training is detailed with reference to ADSL 
modems that employ discrete multi-tone (DMT) modulation 
technology, it should be understood that other, types of 

50 modems employing other modulation technology may 
gather information defining the operational characteristics of 
a subscriber line 16 using suitable techniques. Therefore, 
one of skill in the art can appreciate that the transmit power 
spectrum density and data rate determination features and 

55 functions performed by server 18 are not limited to any 
particular type of communication protocol or modulation 
technology. 

ADSL modems 60 increase the amount of data that the 
conventional twisted-pair subscriber lines 16 can carry by 

60 using DMT technology to divide the bandwidth of a sub- 
scriber line 16, generally referred to as the frequency spec- 
trum supported by a subscriber line 16, into many individual 
sub -bands or channels. Each channel of a subscriber line 16 
uses a form of quadrature amplitude modulation (QAM) to 

65 transmit data in each channel simultaneously. For example, 
the 1.1 MHz frequency spectrum of a conventional twisted 
pair subscriber line 16 may be divided such that the lower 4 
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kHz is reserved for use by POTS and is generally referred to or before modem 60 operates on another subscriber line 16, 
as the voice frequency spectrum. The frequency range from system interface controller 74 extracts from modem 60 
25 kHz to 1.1 MHz, generally referred to as the data subscriber line information 28, such as the transmit power 
frequency spectrum, is divided into sub-frequencies. Each spectrum density, and the received signal power spec- 
sub-frequency is an independent channel and supports trans- s trum density, measurements for each channel of each 
mission of its own stream of data signals. DMT technology subscriber line 16 upon which the modem 60 operated, and 
is very useful for ADSL technology where the subchannels communicates this information 28 to server 18 for further 
are divided into groups and one group of channels is processing 

allocated for the uplink transmission of data and the other for „ ' , . , . _ 
the downlink transmission of data. Scrvcr 18 ^ determines the attenuation information and 
During modem training, an ADSL modem 60 employing 10 noise information for subscriber lines 16. In particular, the 
DMT modulation technology may collect subscriber line { ™f x ^cUon °f a subscriber line 16 at any particular 
information 28 used to determine attenuation information sub-frequency of ^communication such ; as frequencies sup- 
and noise information for each channel of the data frequency P orted b ? f bscnber line 16 for downknk or uplink trans- 
spectrum for a particular subscriber line 16. To collect „ m f 10n of da *> 15 generally re ferr ed to as attenuation 
subscriber line information 28 for subscriber line 16 during 15 ^"nation and may be modeled by the following equation: 
the downlink transmission of data, for example, modem 60 
transmits a data signal at a known transmit power spectrum |w . _ / 3/ 
density, Qp for each channel of the data frequency spectrum V 2/ 
allocated for downlink transmission. Modem 42 measures ^ 

the received signal power spectrum density, S* of the , „ . , c . , . 

received data signal for each downlink channel and com- whe £ H^attemiaUor. information for subscriber hne 16 at 

municates this and other subscriber line information 28 to su " cc l ucnc y \h 

modem 60. Q/=power spectrum density of a signal transmitted at 

In some situations, modems 60 and 42 may not establish 25 sub -frequency (f); and 

a connection over the entire frequency spectrum of a sub- S^power spectrum density of the signal received at 

scriber line 16. Rather, the modems 60 and 42 may only sub -frequency (f). 

connect over a subrange of frequencies. In these instances The loop insertion loss for any particular sub-frequency may 

where a modem 60 fails to operate over the entire frequency then be modeled by the following equation: 

spectrum supported by a subscriber line 16, central office 14 30 

may enter a modem 60 into a diagnostic mode. In the insertion lo« -s --20iog lc (|ff J D 

diagnostic mode, a modem 60 communicates to modem 42 whcrc: ^attenuation information for subscriber line 16 at 

a signal pulse at a known transmit power spectrum density, sub-frequency (f). 

Q p for one or more sub-frequencies within the frequency Therefore, the attenuation information of subscriber line 

spectrum over which the modems 60 and 42 may still 35 15 at sub-frequencies supporting the downlink transmission 

connect, such as over a sub-frequency in the voice frequency of data may be obtaincd by measuring the power spectrum 

spectrum. density, of a signal transmitted by modem 60, and the 

Modem 42 at subscriber premises 12 receives the data power spectrum density, of the signal received by modem 

signal that is communicated by modem 60 and determines 42, and performing the appropriate attenuation information 

subscriber line information 28, such as attenuation 40 modeling techniques as described above. Similarly, the 

information, noise information, received signal power spec- attenuation information of subscriber line 16 at sub- 

tmm density, S^ or any other information describing the frequencies supporting the uplink transmission of data may 

physical or operating characteristics of subscriber line 16 at be obtained by measuring the power spectrum density, of 

the one or more sub-frequencies over which the connection a signal transmitted by modem 42, and the power spectrum 

between modem 60 and 42 is established. Modem 42 then 45 density, of the signal received by modem 60, and 

extrapolates subscriber line information 28 for all frequen- performing the appropriate attenuation information model- 

cies in the frequency spectrum supported by subscriber line mg techniques as described above. 

16 and communicates the determined subscriber line infor- The noise information for a particular subscriber line 16 

mation 28 to central office 14 over any achievable range of mav be determined by measuring noise characteristics of a 

sub -frequencies using any suitable communication 50 subscriber line 16 during operation or by calculating the 

protocols, such as, for example, over a sub-frequency in the information using subscriber line information 28 for 

voice frequency spectrum using the V.90 communication subscriber line 16. For example, a modem 42 of a subscriber 

protocol. 12 may operate as a spectrum analyzer during operation to 

In those instances where modems 60 and 42 fail to sample a time domain signal communicated by central office 

establish a connection using a particular communication 55 14 using subscriber line 16. Modem 42, operating as a 

protocol, such as an xDSL communication protocol, server spectrum analyzer, measures the noise variance of the time 

18 may initiate the operation of modem 60 using an alter- domain signal over a statistically significant period of time 

native communication protocol. For example, if the number and converts the measured noise variance from the time 

of times a modem 60 fails an attempt to communicate with domain to the frequency domain by performing, for 

a modem 42 using a first communication protocol exceeds a 60 example, a Fast Fourier Transform, 

predetermined threshold, then server 18 initiates the opera- If modem 42 is not subscribed to receive data services 

tion of the particular modem 60 using an alternative com- from central office 14, then modem 42 may communicate the 

munication protocol supported by the particular subscriber measured noise information, such as the noise variance for 

Hne 16. This aspect of operation of system 10 is described the signal determined for the frequency domain, to central 

in further detail with respect to FIGS. 4 and 8. 65 office 14 over any suitable range of sub -frequencies using 

Upon an event time-out, after a suitable period of time, in any suitable communication protocol, such as, for example, 

response to instructions from system management server 18, over a sub-frequency in the voice frequency spectrum using 
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the V90 communication protocol. If modem 42 is sub- 
scribed to receive data services from central office 14, then 
modem 42 may communicate the measured noise informa- 
tion to modems 60 of central office 14 using any suitable 
communication protocol and frequencies supported by sub- 
scriber lines 16. 

The noise information for any particular subscriber line 
16 may alternatively be calculated using subscriber line 
information 28. The electrical energy transmitted across a 
subscriber line 16 as a modulated signal also radiates energy 
onto adjacent subscriber lines 16 located in the same binder 
group 45. This cross-coupling of electromagnetic energy is 
called cross-talk. In communication system 10, adjacent 
subscriber lines 16 within a binder group 45 that transmit or 
receive information in the same range of frequencies can 
create significant cross-talk interference. This is because 
cross-talk-induced signals combine with the signals which 
were originally intended for transmission over subscriber 
line 16 and results in a slightly different shaped waveform 
than was originally transmitted. Cross-talk can be catego- 
rized in one of two forms. Near End cross-talk, commonly 
referred to as NEXT, is the most significant form of cross- 
talk because the high energy signal from an adjacent system 
can induce relatively significant cross-talk into the primary 
signal. The other form of cross-talk is Far End cross-talk, or 
FEXT. FEXT is typically less of an issue because the far end 
interfering signal is attenuated as it traverses subscriber line 
16. 

Using subscriber line information 28 regarding the num- 
ber and types of cross-talk creating components, generally 
referred to as disturbers, in the binder group 45 to which the 
particular subscriber line 16 belongs and their transmit 
power spectrum density, the noise caused by Near End 
cross-talk upon subscriber line 16 may be modeled by the 
following equation: 

B/ (NEXT) = (— ) (e/)j-^-jgi3 

where: ^(NEXT^noise caused by NEXT upon subscriber 
line 16 at sub-frequency (f); 

N*number of disturbers of a particular type; 

(^transmit power spectrum density of disturbers at sub- 
frequency (f); and 

f-sub-frequency of communication. 

If multiple types of disturbers (e.g., HDSL, ADSL, SDSL, 
ISDN, Tl, El, etc.) exist within binder group 45 of sub- 
scriber line 16, then the noise created upon subscriber line 
16 by the total number of disturbers may be determined as 
the summation of the noise contributions upon subscriber 
line 16 by each type of disturber, as modeled by the 
following equation: 

«/NTXlO°n/NEXT Wi55L )+n / (NEXT 5£) ^) 
+« / (NEXr j , D:SL )+n y (NEXT /s ^)+ . . . 

The noise caused by Far End cross-talk upon subscriber 
line 16 may be modeled by the following equation: 

n f (rEXT) = [~fkdf(\H f \ 2 )Q f 
where: 

ny(FEXT)=noise caused by FEXT upon subscriber line 16 
at sub-frequency (f); 
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N=number of disturbers of a particular type; 
k=8xl(r 20 ; 

d=length of subscriber line 16 measured in feet; 
s |Hy|=attenuation information for subscriber line 16 at 
sub-frequency (f); 
(^transmit power spectrum density of disturbers at sub- 
frequency (f); and 
1Q f=sub- frequency of communication. 

Again, if multiple types of disturbers exist within the 
relevant binder group of subscriber line 16, then the noise 
created by Far End cross-talk upon subscriber line 16 by the 
total number of disturbers may be determined as the sum- 
15 mation of the noise contributions upon subscriber line 16 by 
each type of disturber, as modeled by the following equa- 
tion: 

«/NEXT)=n/FEXT^)+n / (FEXT jaSL ) 

20 

+«/FEXT / , oa )+«XFEXT /J ^)+ . . . 
+«/FEXT n ). 

25 Therefore, the total noise created by Near End cross-talk 
and Far End cross-talk upon subscriber line 16 may be 
modeled by the following equation: 

n/=n/NEXT>+n/FEXr) 

30 

However, because the far end interfering signal is attenuated 
as it traverses subscriber line 16, the contributions to noise 
upon subscriber line 16 by FEXT are negligible as compared 
to those of NEXT. 

35 System management server 18 updates subscriber line 
information 28 stored in database 22 with the determined 
attenuation information and noise information for subscriber 
lines 16. By determining attenuation information and noise 

4Q information for subscriber lines 16 over a statistically sig- 
nificant period of time, server 18 maintains the integrity of 
subscriber line information 28 stored in database 22. System 
management server 18 may determine and database 22 may 
store subscriber line information 28 according to a particular 

45 subscriber line 16 or the different binder group segments 46 
of the particular subscriber line 16. 

System management server 18 determines the transmit 
power spectrum density, of a modem 60 or 42 operating 
on a particular subscriber line 16 using subscriber line 

50 information 28 stored in database 22. Server 18 then deter- 
mines the communication protocol that is best adapted to 
provide the determined transmit power spectrum density of 
modem 60 or 42. The transmit power spectrum density for 
a modem 60 or 42 operating on a particular subscriber line 

55 16 may be modeled by the following equation to minimize 
the effect of the interference caused by the subscriber line 16 
upon other subscriber lines 16 within the same binder group 
45: 

60 




where: (^transmit power spectrum density; 

n^noise caused by disturbers of system 10 upon the 
particular subscriber line 16; and 
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Server 18 determines the communication protocol that is 
best adapted to provide the determined transmit power 
spectrum density of modem 60 or 42 for the frequency 
spectrum supported by subscriber line 16. For example, 
server 18 may determine that ADSL technology is appro- 
priate to provide a transmit power spectrum density that is 
substantially low from 0 kHz to 128 kHz and that is 
substantially high from 129 kHz to 1.1 MHz. Server 18 may 
determine that VDSL technology is appropriate to provide a 
transmit power spectrum density that is substantially high 
from 0 kHz to 128 kHz and that is substantially low from 
129 kHz to 1.1 MHz. Server 18 may determine that SDSL 
technology is appropriate to provide a transmit power spec- 
trum density that is substantially high throughout the fre- 
quency spectrum from 0 kHz to 1.1 MHz. Server 18 may 
determine that any type of xDSL technology is appropriate 
to provide a transmit power spectrum density that is sub- 
stantially low throughout the frequency spectrum from 0 
kHz to 1.1 MHz. 

System management server 18 determines the approxi- 
mate uplink and downlink data rate capacity 80 or 82 of a 
selected subscriber line 16 using subscriber line information 
28 stored in database 22. In one embodiment, server 18 
determines data rate capacity 80 or 82 of a selected sub- 
scriber line 16 using the determined transmit power spec- 
trum density of a modem 42 or 60 operating on the sub- 
scriber line 16. Server 18 retrieves subscriber line 
information 28 from database 22, such as the appropriate 
attenuation information and noise information, according to 
the selected subscriber line 16, a representative subscriber 
line 16, or the constituent binder group segments 46 of the 
selected subscriber line 16. 

Server 18 retrieves attenuation information for the 
selected subscriber line 16 using one of two methods. 
According to a first method, server 18 searches subscriber 
line information 28 to locate another subscriber line 16 
having each of the same binder group segments 46 as the 
selected subscriber line 16. Such a subscriber line 16 is 
generally referred to as a representative subscriber line 16, 
If server 18 locates a representative subscriber line 16, then 
it retrieves the attenuation information for the representative 
subscriber line 16 for determination of the data rate capacity 
80 or 82 of the selected subscriber line 16, as described in 
detail below. 

According to a second method to retrieve attenuation 
information, server 18 searches subscriber line information 
28 to locate each individual binder group segment 46 of the 
selected subscriber line 16. Each of the individual binder 
group segments 46 of the selected subscriber line 16 is 
generally referred to as a representative binder group seg- 
ment 46 and may be located in database 22 associated with 
one or more subscriber lines 16. Server 18 identifies the 
attenuation information for each representative binder group 
segment 46 and associates each of their individual attenu- 
ation contributions for each downlink and uplink channel of 
transmission to determine the approximate total attenuation 
information for each channel of the selected subscriber line 
16. 

Server 18 also retrieves noise information for the selected 
subscriber line 16 using one of two methods. According to 
a first method, server 18 retrieves the noise information 
stored in database 22 for the selected subscriber line 16 
itself. According to a second method, server 18 searches 
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subscriber line information 28 to locate another subscriber 
line 16 having each of the same binder group segments 46 
as the selected subscriber line 16. If server 18 locates such 
a representative subscriber line 16, then it retrieves the noise 

5 information for the representative subscriber line 16 for 
determination of the data rate capacity 80 or 82 of the 
selected subscriber line 16 as described in detail below. The 
noise information for the selected subscriber line 16 or for 
the representative subscriber line 16 may have been col- 

10 lected by a modem 42 operating as a spectrum analyzer and 
communicated to central office 14, as described above. 
Alternatively, the noise information for the selected sub- 
scriber line 16 or for the representative subscriber line 16 
may have been calculated according to the equations for 

15 Near End cross- talk and Far End cross-talk modeled above. 
Using the determined attenuation information and noise 
information, server 18 determines the signal-to-noise ratio 
of a signal communicated by modem 60 or 42 over sub- 
scriber line 16 at a particular sub-frequency, according to the 

20 following equation: 

(fl/Mff/l') 
»/ 

25 

where: SNR^signal to noise ratio of signal; 

(^transmit power spectrum density at sub-frequency (f); 
IH^- attenuation information for subscriber line 16 at 
sub -frequency (f); and 
30 n^noise information for subscriber line 16 at sub- 
frequency (f). 

Therefore, server 18 may determine the signal-to-noise ratio 
of a data signal communicated by modem 42 over subscriber 
line 16 by using the transmit power spectrum density, Q fi of 

35 modem 42, the attenuation information for subscriber line 
16, and the noise information for subscriber line 16, n^ 
at sub-frequencies supporting the uplink transmission of 
data. Similarly, server 18 may determine the signal-to-noise 
ratio of a data signal communicated by modem 60 over 

40 subscriber line 16 by using the transmit power spectrum 
density, of modem 60, the attenuation information for 
subscriber line 16, |Hj, and the noise information for sub- 
scriber line 16, n^ at sub-frequencies supporting the down- 
link transmission of data. 

45 The uplink data rate capacity 82 is a measure of the 
amount of data bits that may be transmitted by subscriber 
line 16 from subscriber 12 to central office 14 as a function 
of time, and may be modeled by the following equation: 



50 




5S where: R«uplink data rate capacity 82; 
1/T-baud rate of modem 42; 
SNRy-signal-to-noise ratio of subscriber 
line 16 at sub-frequencies supporting the uplink transmis- 
sion of data; 

60 ^ -low frequency boundary for uplink data frequency 
spectrum; and 

f 2 =high frequency boundary for uplink data frequency 
spectrum. 

The downlink data rate capacity 80 is a measure of the 
65 amount of data bits that may be transmitted by subscriber 
line 16 from central office 14 to subscriber 12 as a function 
of time, and may be modeled by the 
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X d c , the transmit power spectrum density, Q, of a modem 60 
l A snr or 42 operating on subscriber line 16rf is controlled such that 

R = - J lo Ji + — ^ Q^ c in 0 so that X d G does not substantiaUy affect SNIR C . 

/-/j 1 J Similarly, because the contribution of noise to subscriber 

s line 16e by subscriber line 16d comprises X d „ the transmit 
power spectrum density, Q, of a modem 60 or 42 operating 
where: R=downhnk data rate capacity 80; on subscriber line I6d is controlled such that QA^in, so 

1/T=baud rate of modem 60; that X d e does not substantially affect SNIR e . In this respect, 

SNRy-signal-to-noise ratio of subscriber line 16 at sub- the optimal transmit power spectrum density of a modem 60 
frequencies supporting the downlink transmission of 10 or 42 operating on subscriber line 16d may be determined 
data; using the noise information of subscriber lines 16c and 16e 

f 3 -low frequency boundary for downlink data frequency as a "noise floor." For example, the lowest noise information 
spectrum; and of subscriber lines 16c and 16e may be used as the "noise 

f>high frequency boundary for downlink data frequency floor " ™ transmit power spectrum density determination. 

spectrum 15 Alternatively, the optimal transmit power spectrum den- 

F1G. 2 illustrates an exemplary arrangement of subscriber sit y of a modem 60 or 42 operating on subscriber line 16d 
lines 16 comprising different binder group segments 46 in mav be determined using the noise information of the 
system 10. Generally, a binder group segment 46 is a subscriber line 16 for the new subscriber 12, such as 
collection of subscriber lines 16 that, share a common subscriber line 16d of new subscriber Ud, as a "noise floor." 
"sheath". A particular subscriber line 16 may extend from 20 In particular, because the cross^channel coupling, x, caused 
central office 14 to a subscriber 12 through a number of by subscriber line 16rf upon either subscriber line 16c or 16* 
different binder group segments 46. The provisioning of data 15 substantially similar to the cross-channel coupling, x, 
services to a new subscriber 12 over a subscriber line 16 in caused bv subscriber lines 16c and 16e upon subscriber line 
a particular binder group segment 46 may contribute to the 16c *» respectively, the contribution of noise by subscriber 
noise and distortion upon other subscriber lines 16 within 25 line Ud u P on subscriber lines 16c and 16e may be mini- 
the same binder group segment 46, thereby degrading the mizcd b y controlling the transmit power spectrum density of 
services already provided to other subscribers 12. Therefore, a modem 60 or 42 operating on subscriber line 16d such that 
a central office 14 may endeavor to provide data services to 

a new subscriber 12 that does not degrade the services _ _ f_L) 6 / 3/2 

provided to other subscribers 12 by determining an optimal 30 ~ U9 J i.i34xiO J3 ' 

transmit power spectrum density of modems 60 and 42 
operating on subscriber lines 16 for new subscribers 12 and where- 

by selecting the ^communication protocol that is best adapted aj^^ s 5e measured for subscriber lines 16. 
to provide the determined power spectrum density. Therefore, the optimal transmit power spectrum density 

Although the following description of FIG. 2 details the 35 for a mo(Jem 6 „ tin on hne 16d may be 

determination of a power spectrum density for a modem 60 modeled . ^ followin cqllation: 
operatmg on a subscriber line 16a for a new subscriber 12a, 

it should be understood that the following determination of nf 

a transmit power spectrum density may apply for either 2/ = tjts pfi 

modem 60 or 42 and for any subscriber 12. The cross-talk 40 (^j i I3 4 XlQ i3 

caused by subscriber line 160" upon subscriber lines 16 
sharing a common binder group segment 46, such as sub- 
scriber lines 16c and Ue of binder group segments 46cde where: (^-determined transmit power spectrum density of 
and 46bde, will degrade the data services offered to sub- modem 60 or 42 operating on subscriber line 16 for sub- 
scribers 12c and 12e unless the noise contributed by sub- 45 scriber 12 at sub-frequency 

scriber line 16 of subscriber 12 is maintained below a n^noise information for subscriber line 16 at sub- 
determined "noise floor." frequency (f); and 

The signal-to-noise-interference ratio for subscriber lines f=sub-frequency of communication. 
16c and 16e may be modeled by the following equations: Referring back to FIG. 2, subscriber lines 16 that do not 

so share each of the same binder group segments 46 as each 
q c (H 2 ) other may exhibit different physical and operational char- 

SNIftt = n c +x t<c + x d c acteristics. Even subscribers 12 that are in near proximity to 

each other, such as in the same residential neighborhood or 
in the same business development, may be coupled to central 
where: X, c -Q c x # c ; 55 office 14 using subscriber lines 16. that do not share each of 

^ f c B QA ( ci ^d the same binder group segments 46. 

n c =noise information for subscriber line 16c. Different subscriber lines 16 may extend from central 

office 14 and ultimately reach the substantially same 
destination, such as the same residential neighborhood of 
SNIR * ~ n e + x ce + x de 60 subscribers 12, but may traverse different distances to reach 

their destinations. In this regard, the lengths of subscriber 
lines 16 in different binder group segments 46 may differ 
where: X ce =Q r x C(r ; although they service the same general population of sub- 

X^-Q A,*; ^d scribers 12. The gauge of twisted pair wiring used for a 

n e -noise information for subscriber line 16a 65 particular subscriber line 16 may also vary between binder 

Because the contribution of noise to subscriber line 16c group segments 46. Therefore, a subscriber line 16 may 
by subscriber line 16d for new subscriber \Xd comprises comprise a first gauge of twisted pair wiring, such as 
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twenty-four gauge wiring, for the length of a first binder 
group segment 46, and a second gauge of twisted pair 
wiring, such as twenty-six gauge wiring, for the length of a 
second binder group segment 46. Moreover, the number and 
type of noise and interference producing elements may vary 
among binder group segments 46. Subscriber lines 16 shar- 
ing the same binder group segment 46 may share the same 
noise information for that length of segment 46. Subscriber 
lines 16 not sharing the same binder group segments 46 may 
exhibit different noise characteristics. As a result, the data 
rate capacity 80 or 82 of subscriber lines 16 may differ 
depending on their constituent binder group segments 46. 

A particular advantage provided by system 10 is the 
ability to determine the attenuation characteristics of indi- 
vidual binder group segments 46 of subscriber lines 16. 
System management server 18 may then determine the 
attenuation information of a selected subscriber line 16 
according to the attenuation characteristics contributed by 
each of its constituent binder group segments 46. By deter- 
mining attenuation information of a selected subscriber line 
16 according to each of its constituent binder group seg- 
ments 46, server 18 may more accurately determine the data 
rate capacity 80 or 82 of a selected subscriber line 16. 

Referring in particular to the arrangement of subscriber 
lines 16 illustrated in FIG. 2, each of subscribers \2a-X2e, 
collectively referred to as subscribers 12, are coupled to 
central office 14 using subscriber lines 16a-16e, collectively 
referred to as subscriber lines 16, respectively. Subscriber 
lines 16a and 166 share a common binder group segment 
46ab. Subscriber lines 166, 16d, and 16e share a common 
binder group segment 46bde. Subscriber lines 16c, 16rf, and 
16e share a common binder group segment 46cde. 

The attenuation information for each subscriber line 16 at 
each particular sub-frequency of transmission comprises a 
combination of the attenuation information for its constitu- 
ent binder group segments 46. In particular, the attenuation 
information, \Hj[ 9 of a selected subscriber line 16 at a 
particular sub-frequency, f, is determined by multiplying 
together in the frequency domain the attenuation 
information, |Hyj, for each of the constituent binder group 
segments 46 of the selected subscriber line 16. For example, 
the attenuation information, |H^|, for subscriber line 166 
comprises the attenuation information, iH^j, for that segment 
of line 166 in binder group 46a6 multiplied in the frequency 
domain by the attenuation information, |Hy|, for that segment 
of line 166 in binder group 46bde. Similarly, the attenuation 
information for subscriber lines 16d and 16e may be deter- 
mined using the attenuation information, |Hj, for those 
segments of lines 16d and 16e in binder groups 46de and 
46bde, as described above. 

The attenuation information of subscriber lines 16 in 
binder group segment 46ab may be different from that of the 
subscriber lines 16 in binder group segment 46cde due to the 
different length or gauge of twisted pair wiring used in 
binder groups 46a6 and 46cde. Therefore, although the 
attenuation information of subscriber lines 166 and 16d may 
be similar for those segments of subscriber lines 166 and \6d 
in common binder group 46bde 7 the overall attenuation 
information for subscriber lines 166 and \dd may differ due 
to differences in the physical and operational characteristics 
of subscriber lines 16 in binder group segments 46a6 and 46 
cde. Conversely, the attenuation characteristics of subscriber 
lines 16a* and 16e may be substantially similar since both 
share the same binder group segments 46ctteand 46bde. 
Subscriber lines 16d and 16e therefore comprise represen- 
tative subscriber lines 16 for each other. 

The following description of FIG. 2 details the determi- 
nation of data rate capacity 80 and 82 of subscriber line 16d 
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for new subscriber Md using, in a first method, the attenu- 
ation information of a representative subscriber line 16e and, 
in a second method, the attenuation information for repre- 
sentative binder group segments 46cde and 46bde. 

5 According to the first method, if subscriber line 16e 
receives data services from central office 14, then server 18 
determines the attenuation and noise information of sub- 
scriber line 16e based upon information collected by 
modems 60 during training, as described above. Database 22 
stores this subscriber line information 28 for subscriber line 
16e. To determine the data rate capacity 80 or 82 of 
subscriber line I6d, system management server 18 accesses 
subscriber line information 28 in database 22 and determines 
that subscriber lines 16d and 16e share binder group seg- 
ments 46cde and 46bde. Since subscriber lines 16 that share 

35 the same binder group segments 46 generally exhibit the 
same physical and operational characteristics, the attenua- 
tion and noise information stored for subscriber line 16e is 
. representative of subscriber line 16d. In this regard, system 
management server 18 may determine the data rate capacity 

20 80 or 82 of subscriber line 16d using the attenuation and 
noise information stored in database 22 for representative 
subscriber line 16e. This method of determining data rate 
capacity 80 or 82 of subscriber line 16d is particularly 
advantageous when a statistically significant number of 

25 representative subscriber lines 16 exist. 

In those instances where a representative subscriber line 
16 does not exist for subscriber line 16d, such as in a new 
residential neighborhood or business development center 
where subscribers 12 have not yet requested data services 

30 from central office 14, system management server 18 deter- 
mines data rate capacity 80 or 82 using noise information 
collected by a modem 42 operating as a spectrum analyzer 
on subscriber line X6d or calculated according to equations 
for FEXT and NEXT, as described above, and the attenua- 

35 tion information of its constituent binder group segments 46, 
as described in detail below. To determine the attenuation 
information of subscriber line 16d, system management 
server 18 initially determines that subscriber line 16d com- 
prises binder group segments 46cde and 46bde. The attenu- 

40 ation contribution of subscriber lines 16 in binder group 
segment 46cde may be combined with that of subscriber 
lines 16 in binder group segment 46bde to determine the 
overall attenuation information for subscriber line 16d, In 
this regard, the breadth of subscriber line information 28 

45 stored in database 22 expands as the population of subscrib- 
ers 12 receiving data service from central office 14 grows. 

The attenuation information for subscriber lines 16 in 
binder group 46cde may be determined based upon infor- 
mation collected by modems 60 while providing data service 

50 to subscriber 12c using subscriber line 16c. To determine the 
attenuation information of subscriber line I6d, which com- 
prises constituent binder group segments 46cde and 46bde, 
system management server 18 further determines the attenu- 
ation information for that segment of a subscriber line 16 in 

55 binder group 46bde. To do this, server 18 uses attenuation 
information stored in database 22 for subscriber lines 166 
and 16a. In particular, server 18 determines the attenuation 
information for that segment of a subscriber line 16 in binder 
group 46bde according to the following equations calculated 

60 in the frequency domain: 

' /'tinier (roup itgmeni Adxk m i 

' / 'subscriber line 16a 

65 

where: |Hj JuAcrti(rr line 1(S 6=attenuation information for sub- 
scriber line 166 at sub-frequency (f); and 
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\^Jisuhser(be line i ^attenuation information for subscriber 
line \6a in binder group segment 46ab at sub- 
frequency (f). 

Therefore, if subscribers 12a, 12£>, and 12c receive data 
service from central office 14, modems 60 may collect 5 
information during training that defines the operational 
characteristics of subscriber lines 16 in binder group seg- 
ments 46a£>, 46bde, and 46cde. Based on this information, 
server 18 may determine and database 22 may store attenu- 
ation information for binder groups 46cde and 46bde. Sys- ]0 
tem management server 18 combines the attenuation infor- 
mation for subscriber lines 16 in binder groups 46ccfe and 
46bde according to the following equation to determine the 
overall attenuation information of subscriber line 16^; 
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;cde=attemiation information 
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where: |Hj fct>ufer group segment 46 < 
for binder group segment 46aie of sub-frequency (f); and 

\^binj.r & ™ P s*gm*nt t^de attenuation information for 
binder group segment 46bde at sub-frequency (f). 20 
Server 18 determines the data rate capacity 80 or 82 of 
subscriber line 16d using the attenuation information of 
subscriber line 16d determined above. This method for 
determining the data rate capacity of a subscriber line 16 is 
particularly advantageous when attenuation information is is 
stored in database 22 for a representative sample of binder 
group segments 46. 

Although the description of FIG. 2 is detailed with 
reference to determining the attenuation information of 
subscriber lines 16 in binder group segments 46 based upon 30 
information collected by modems 60 during training, it 
should be understood that this information may also be 
collected using other methods. A central office 14 may 
obtain field measurements for attenuation in particular seg- 
ments of binder groups 46 at pertinent demarcation points in 35 
system 10. For example, central office 14 may measure the 
attenuation characteristics of a subscriber line 16 in either 
binder group segment 46ab or 46cde at demarcation point 
200 using the appropriate field measurement equipment. In 
this regard, central office 14 may gather subscriber line 40 
information 28 for subscriber lines 16 that may not currently 
support the provisioning of data services. A particular 
advantage provided by this aspect of system 10 is that 
system management server 18 may expand the breadth of 
subscriber line information 28 stored in database 22 even if 45 
the population of subscribers 12 receiving data service is 
small in a particular region of system 10. 

FIG. 3 illustrates the structure and content of subscriber 
line information 28 stored in database 22. The multi- 
dimensional structure of subscriber line information 28 is 50 
represented in FIG. 3 as a cascaded set of two dimensional 
grids. Subscriber line information 28 may be arranged in 
subscriber line grid 300, binder groups grid 310, binder 
group disturbers grid 330, binder group attenuation grid 340, 
line attenuation grid 360, and line noise grid 370. By 55 
maintaining, modifying, and updating the interrelationships 
and contents of these grids, system management server 18 
establishes a relationship between subscriber lines 16, their 
binder group segments 46, and the attenuation and noise 
information of subscriber lines 16. Attenuation and noise 60 
information for subscriber lines 16 helps determine the data 
rate capacity 80 or 82 of a selected subscriber line 16, and 
the optimal transmit power spectrum density of a modem 60 
or 42 operating on subscriber line 16. 

Subscriber line grid 300 includes a row 302 for each 65 
subscriber line 16 in system 10 and a column 304 for each 
binder group segment 46 of that subscriber line 16. Grid 300 



further includes a column 306 to index a row of entries in 
each of line attenuation grid 360 and line noise grid 370. In 
general, the information indexed by an entry in column 306 
may be used when subscriber line information 28 for the 
selected subscriber line 16 or a representative subscriber line 
16 exists in database 22. 

Binder groups grid 310 includes a row 312 for each binder 
group segment 46 identified in subscriber line grid 300, and 
a column 314 for the length of that binder group segment 46, 
a column 316 for the gauge of twisted pair wiring used for 
that binder group segment 46, a column 318 to index a row 
of entries in the binder group disturbers grid 330, and a 
column 320 to index a row of entries in the binder group 
attenuation grid 340. The combination of subscriber line grid 
300 and binder groups grid 310 provides an association 
between subscriber lines 16, their binder group segments 46, 
and the subscriber line information 28 defining the physical 
and operational characteristics of those subscriber lines 16. 

Binder group disturbers grid 330 includes a row 332 for 
each entry in column 318 of binder groups grid 310, and a 
column 334 indicating the number of each type of disturber 
found in a particular binder group segment 46. Different 
types of disturbers include bridged taps, other xDSL services 
provided by subscriber lines 16 in a common binder group 
segment 46, radio frequency sources, or any other disturber 
in system 10. Grid 330 may be updated to reflect the 
modification of subscriber lines 16 to add or remove those 
disturbers in communications system 10. 

Binder group attenuation grid 340 includes a row 342 for 
each entry in column 320 of binder groups grid 310, and a 
column 344 for each sub-frequency at which the attenuation 
information is determined for a particular binder group 
segment 46 of a subscriber line 16. The combination of grids 
310 and 340 establishes the attenuation information of 
subscriber lines 16 in binder group segments 46 as a function 
of frequency. In this regard, grids 310 and 340 support 
determining the data rate capacity 80 or 82 of a selected 
subscriber line 16 using attenuation information for its 
constituent binder group segments 46. 

Line attenuation grid 360 includes a row 362 for each 
entry of column 306 of subscriber line grid 300, and a 
column 364 for each sub-frequency at which the attenuation 
information is determined for a particular subscriber line 16. 
Line noise grid 370 includes a row 372 for each entry of 
column 306 of subscriber line grid 300, and a column 374 
for each sub-frequency at which the noise is determined for 
a particular subscriber line 16. Generally, the combination of 
grids 360 and 370 establish the attenuation information and 
noise information of subscriber lines 16 as a function of 
frequency. In this regard, grids 360 and 370 support deter- 
mining the data rate capacity 80 or 82 of a selected sub- 
scriber line 16 when subscriber line information 28 for the 
selected subscriber line 16 or a representative subscriber line 
16 exists in database 22. 

Now referring to an exemplary arrangement of subscriber 
line information 28 shown in FIG. 3, a subscriber line 16 
represented by row 302 may be identified using a phone 
number, an address, or some other unique identifier for a 
subscriber 12 of a particular central office 14. Each sub- 
scriber line 16 may comprise a number of binder group 
segments 46 represented by columns 304. Each binder group 
segment 46 in columns 304 relates to a particular subscriber 
line 16 and identifies a portion of the physical and opera- 
tional characteristics of the subscriber line 16 in binder 
groups grid 310. Each subscriber line 16 also includes a 
"total line" column 306. Each entry 380 in column 306 
relates to a particular subscriber line 16 and identifies 
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attenuation information and noise information for the sub- 
scriber line 16 in line attenuation grid 360 and line noise grid 
370, respectively. 

To determine the data rate capacity 80 or 82 of a selected 
subscriber line 16, server 18 determines its constituent 5 
binder group segments 46 by referring to subscriber line grid 
300. Upon determining the constituent binder group seg- 
• ments 46 of the selected subscriber line 16, server 18 
determines the data rate capacity 80 or 82 of subscriber line 
16 using attenuation information and noise information from 10 
grids 310, 330, 340, 360, and 370. For example, server 18 
searches for the selected subscriber line 16 or a representa- 
tive subscriber line 16 in grid 300. A representative sub- 
scriber line 16, as described above, is a subscriber line 16 
having the same constituent binder group segments 46 as the 15 
selected subscriber line 16. Upon locating subscriber line 
information 28 for the selected subscriber line 16 or for one 
or more representative subscriber lines 16 in subscriber line 
grid 300, server 18 uses the appropriate pointers 382 and 384 
indicated by entries 380 in column 306 to access the 20 
appropriate rows 362 and 372 of line attenuation grid 360 
and line noise grid 370, respectively. 

Line attenuation grid 360 provides attenuation informa- 
tion for the selected subscriber line 16 or a representative 
subscriber line 16 at each sub-frequency of bandwidth 25 
available for transmission. Similarly, line noise grid 370 
provides noise information for the selected subscriber line 
16 or a representative subscriber line 16 at each sub- 
frequency of bandwidth available for transmission. Server 
18 may use the attenuation information and noise informa- 30 
tion provided by grids 360 and 370 to determine the data rate 
capacity 80 or 82 of the selected subscriber line 16, as 
discussed above with regard to FIG. 1. 

System 10 may also determine attenuation information for 
a selected subscriber line 16 using the attenuation informa- 35 
tion of the constituent binder group segments 46. For 
example, server 18 searches grid 300 for each of the 
constituent binder group segments 46 which make up the 
selected subscriber line 16. For each constituent binder 
group segment 46, server 18 uses the appropriate pointer 386 40 
indicated by binder group segment 46 to identify the appro- 
priate row 312 in binder groups grid 310. Entry 390 of grid 
310 indicates rows 342 of binder group attenuation grid 340 
using pointer 396. Binder group attenuation grid 340 pro- 
vides attenuation information for the representative binder 45 
group segments 46 at each sub-frequency of bandwidth 
available for transmission. 

Server 18 combines the attenuation information provided 
by grid 340 at each identified sub-frequency of transmission 
for each of the constituent binder group segments 46, as 50 
described above, to determine the overall attenuation infor- 
mation for the selected subscriber line 16. Server 18 may 
then use the overall attenuation information to determine the 
data rate capacity 80 or 82 of the selected subscriber line 16, 
as described above with reference to FIG. 1. 55 

System 10 may also determine noise information for a 
selected subscriber line 16 using noise information for the 
subscriber line 16, such as the number and type of disturbers 
affecting the selected subscriber line 16. For example, server 
18 searches grid 300 for each of the constituent binder group 60 
segments 46 which make up the selected subscriber line 16. 
For each constituent binder group segment 46, server 18 
uses the appropriate pointer 386 indicated by binder group 
segment 46 to identify the appropriate row 312 in binder 
groups grid 310. Entry 388 of grid 310 indicates rows 332 65 
of binder group disturbers grid 330 using pointer 394. 
Binder group disturbers grid 330 indicates the number and 



type of disturbers for each representative binder group 
segment 46 of the selected subscriber line 16. Server 18 may 
determine the total noise contributions upon selected sub- 
scriber line 16 by NEXT and FEXT as modeled by the 
equations described above. Server 18 may then use the 
overall noise information to determine the data rate capacity 
80 or 82 of the selected subscriber line 16, as described 
above with reference to FIG. 1. Server 18 may also deter- 
mine the optimal transmit power spectrum density of a 
modem 60 operating on subscriber line 16, as described 
above with reference to FIG. 2, using the noise information 
stored in database 22. 

FIG. 4 illustrates the structure and content of communi- 
cation device information 29 stored in database 22. Com- 
munication device information 29 may be arranged in a 
communication device grid 400 having a column 402 to 
index communication devices, such as modems 60 of com- 
munication server 58; a column 404 to index the subscriber 
line 16 upon which a particular modem 60 attempts to 
operate; a column 406 to index the communication protocol 
with which the particular modem 60 attempts to operate; and 
a column 408 to index the number of failed attempts the 
particular modem 60 has experienced using the subscriber 
line 16 and the communication protocol identified by col- 
umns 404 and 406, respectively. 

The communication devices and subscriber fines indexed 
by columns 402 and 404, respectively, may be identified 
using any suitable identification or addressing techniques, 
such as by using telephone numbers. The communication 
protocol indexed by column 406 may comprise any suitable 
communication protocol supported by the associated sub- 
scriber line 16. Server 18 dynamically updates communica- 
tion device grid 400 to maintain a current association 
between a modem 60 and the number of times that the 
modem 60 fails an attempt to communicate using a particu- 
lar subscriber line 16 and a particular communication pro- 
tocol. Because a subscriber line 16 generally identifies a 
particular communication device, such as a modem 42 
residing at a subscriber premises 12, grid 400 also identifies 
the number of times a modem 60 fails an attempt to 
communicate with a particular modem 42. 

Server 18 may determine that a particular modem 60 
cannot establish a connection with a particular modem 42, 
identified by a subscriber line 16, using a first communica- 
tion protocol, such as any of the xDSL communication 
protocols. In these instances, server 18 initiates the operation 
of modem 60 to communicate with a modem 42 using an 
alternative communication protocol. For example, modems 
60 and 42 may operate using any of the V-series commu- 
nication protocols, such as the V.90 communication 
protocol, or using an Integrated Services Digital Network 
(ISDN) communication protocol. In addition, server 18 may 
initiate the operation of modems 60 and 42 using a first 
alternative communication protocol for downlink data com- 
munication and a second alternative communication proto- 
col for uplink data communication. For example, server 18 
may initiate the operation of modem 60 using the V.90 
communication protocol for downlink data communication 
and using the V.34 communication protocol for uplink data 
communication. In a particular embodiment, server 18 ini- 
tiates the operation of modems 60 and 42 over any suitable 
range of sub-frequencies in the voice frequency spectrum. 

Server 18 may determine that the particular modem 60 
cannot communicate with a particular modem 42 using a 
particular communication protocol in a number of ways. For 
example, server 18 may monitor grid 400 to determine the 
number of times a particular modem 60 fails an attempt to 
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communicate with a particular modem 42 using a particular 
communication protocol. If the number of times the modem 
60 fails an attempt to communicate with the particular 
modem 42 exceeds a predetermined threshold, then server 
18 initiates the operation of the modem 60 using an alter- 5 
native communication protocol supported by the particular 
subscriber line 16. Referring to FIG. 4, for example, if the 
three failed connection attempts by the modem 60 identified 
by the telephone number 214-555-2163 exceeds a predeter- 
mined threshold established by server 18, then server 18 10 
initiates the operation of that modem 60 for subscriber line 
16 identified by the telephone number 214-555-8818 using 
an alternative communication protocol. 

In another example, server 18 may determine that the 
signal-to-noise-ratio of a subscriber line 16, as determined is 
using techniques described with respect to FIG. 1, fails to 
exceed a predetermined threshold such that the subscriber 
line 16 cannot support a particular communication protocol, 
such as an xDSL communication protocol. In this instance, 
server 18 may initiate the operation of modem 60 using an 20 
alternative communication protocol that may be supported 
by the particular subscriber line 16. As described above, 
either excessive noise or attenuation affecting a subscriber 
line 16 may cause a decrease in the signal-to-noise ratio of 
a subscriber line 16. If server 18 later determines that the 25 
signal-to-noise -ratio of the subscriber line 16 is sufficient to 
support the previously attempted communication protocol, 
due to a decrease in noise or attenuation affecting the 
subscriber line 16, for example, then server 18 may again 
initiate operation of a modem 60 operating on the particular 30 
subscriber line 16 using the previously attempted commu- 
nication protocol. 

In yet another example, server 18 may determine that the 
modem 42 with which a particular modem 60 is attempting 
to communicate cannot support communication using a 35 
particular communication protocol, such as an xDSL com- 
munication protocol. In this instance, server 18 initiates the 
operation of modem 60 using an alternative communication 
that is supported by modem 42, such as a V-series commu- 
nication protocol. Although the determination of whether a 40 
modem 60 may establish a connection with a modem 42 has 
been described with reference to three specific examples, it 
should be understood that the present invention contem- 
plates initiating the operation of a modem 60 using an 
alternative communication protocol in response to any deter- 45 
mination by server 18 that modem 60 is inoperable to 
communicate with modem 42 using a first communication 
protocol. 

By determining that a modem 60 is inoperable to com- 
municate with a modem 42 using a first communication 50 
protocol and, in response, initiating the operation of modem 
60 using an alternative communication protocol, system 10 
provides significant technical advantages. First, communi- 
cation server 58 establishes more reliable connectivity 
between a modem 60 and a modem 42. Therefore, a sub- 55 
scriber 12 is less likely to suffer a loss of data services. 
Furthermore, communication server 58 need not maintain a 
connection with a global-communication-network service 
provider having an analog communication device coupled to 
the plain old telephone service (POTS), such as an Internet 60 
provider (ISP), in order to provide data services to a sub- 
scriber 12. Instead of such an arrangement where additional 
switching components are required to terminate the sub- 
scriber line 16 using an analog communication device, 
system 10 terminates the subscriber line 16 using a digital 65 
communication device. In particular, modems 60 commu- 
nicate with communication network 70 using network 
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device 68 of DSLAM 69. In this respect, the subscriber lines 
16 of system 10 are terminated at each end using digital 
communication devices and, therefore, system 10 may pro- 
vide a more robust compliment of data services to subscrib- 
ers 12. Other advantages include a potentially higher data 
rate capacity 80 and 82 for subscriber lines 16 and an 
increased sampling frequency and associated signal-to-noise 
ratio for subscriber line 16. Of course, system 10 may still 
terminate a connection with a modem 42 using an analog 
communication device associated with POTS. 

FIG. 5 illustrates a method for managing subscriber line 
information 28 for communication system 10. The method 
begins at step 410 where system management server 18 
extracts subscriber line information 28 from various com- 
ponents of system 10 including, for example, information 28 
from a plurality of communication servers 58. Typically, this 
subscriber line information 28 comprises information defin- 
ing the operational characteristics of subscriber line 16 
gathered by modem 60 during modem training. 
Alternatively, subscriber line information 28 comprises 
information gathered by modems 60 and 42 operating in a 
diagnostic mode. In a particular embodiment, information 
28 extracted by server 18 comprises the transmit power 
spectrum density, and the received power spectrum 
density, S^ of a data signal communicated between a modem 
60 and a modem 42 for each channel of the data frequency 
spectrum supported by a particular subscriber line 16. 

Server 18 determines the attenuation information and 
noise information for subscriber lines 16 at steps 412 and 
414, respectively, using the subscriber line information 28 
extracted at step 410 and the attenuation and noise modeling 
techniques described above with reference to FIG. 1. In a 
particular embodiment, server 18 determines the attenuation 
information for subscriber lines 16 according to their con- 
stituent binder group segments 46, as described above with 
reference to FIG. 2. Server 18 determines noise information 
for subscriber lines 16 by measuring noise characteristics of 
a subscriber line 16 during operation, or by calculating the 
noise information using subscriber line information 28 for 
subscriber line 16, as described above with reference to FIG. 
1. System management server 18 stores the attenuation and 
noise information for subscriber lines 16 in database 22 at 
step 416. In one embodiment, server 18 stores this informa- 
tion for each subscriber line 16 according to its constituent 
binder group segments 46, as described above with reference 
to FIG. 3. Execution terminates at step 418. 

FIG. 6 illustrates a method for determining the transmit 
power spectrum density of a modem 60 or 42 operating on 
a subscriber line 16. System 18 identifies a subscriber line 16 
at step 450. The identified subscriber line 16 may be used by 
system 10 to provide data services to a new subscriber 12. 
The provisioning of data services to a new subscriber 12 
over a subscriber line 16 in a particular binder group 
segment 46 may contribute to the noise and distortion upon 
other subscriber lines 16 within the same binder group 
segment 46, thereby degrading the services already provided 
to other subscribers 12 unless the noise contributed by the 
identified subscriber line 16 is maintained below a deter- 
mined "noise floor." System 10 identifies subscriber lines 16 
having a common binder group segment 46 with identified 
subscriber line 16, at step 452. System 10 determines noise 
information for subscriber lines 16 in the common binder 
group segment 46 at step 454, as described above with 
reference to FIG. 1. In one embodiment, the determined 
noise information comprises the noise information for the 
identified subscriber line 16. 

System 10 determines cross-channel-coupling informa- 
tion for subscriber lines 16 at step 456. Database 22 stores 
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the noise information and the cross-channel-coupling infor- 
mation as subscriber line information 28 at step 458. System 
10 determines the transmit power spectrum density of 
modems 60 or 42 operating on the identified subscriber line 
16 at step 460, based upon the determined noise and 5 
cross-channel-coupling information. 

In one embodiment, system 10 determines the transmit 
power spectrum density of modems 60 or 42 proportional to 
the noise information for the identified subscriber line 16 
and inversely proportional to the cross-channel -coupling 10 
information. System 10 selects the appropriate communica- 
tion protocol for modems 60 or 42 operating on identified 
subscriber line 16 at step 462, based upon the determined 
transmit power spectrum density, as described above with 
reference to FIG. 2. The method concludes at step 464. 15 

FIG. 7 illustrates a method for determining the data rate 
capacity 80 or 82 of a selected subscriber line 16 of 
communication system 10. System 10 receives a request to 
determine the data rate capacity 80 or 82 of a selected 
subscriber line 16 at step 500. System 10 retrieves subscriber 20 
line information 28 from database 22 according to the 
selected subscriber line 16, a representative subscriber line 
16, or the constituent binder group segments 46 of the 
selected subscriber line 16, at steps 502. 

Referring to steps 502, server 18 retrieves attenuation 25 
information for the selected subscriber line 16 at step 510, 
using one of two methods. According to a first method, 
server 18 retrieves attenuation information for a represen- 
tative subscriber line 16, as described with reference to FIG. 
3. According to a second method, server 18 retrieves attenu- 30 
ation information for each of the constituent binder group 
segments 46 of the selected subscriber line 16 and associates 
each of their individual attenuation contributions to deter- 
mine the approximate total attenuation information for the 
selected subscriber line 16. Server 18 retrieves noise infer- 35 
mation for the selected subscriber line 16, at step 512, using 
one of two methods. According to a first method, server 18 
retrieves noise information that is determined using the 
noise calculation techniques or noise measurement tech- 
niques described above with reference to FIG. 1. According 40 
to a second method, server 18 retrieves noise information for 
a representative subscriber line 16. Server 18 determines the 
appropriate signal-to-noise ratios of subscriber line 16 at 
step 520 using the attenuation information and noise infor- 
mation determined at steps 510 and 512, respectively, as 45 
described above with reference to FIG. 1. Server 18 deter- 
mines the data rate capacity 80 or 82 of selected subscriber 
line 16 at step 502 using the signal-to-noise ratios deter- 
mined at step 522. Execution terminates at step. 524. 

FIG. 8 illustrates a method for determining a communi- so 
cation protocol of a communication device 60 operating on 
a subscriber line 16 of system 10. The method begins at step 
600 where server 18 selects a communication protocol with 
which to operate modem 60. Typically, server 18 initially 
attempts to operate modem 60 using an xDSL communica- 55 
tion protocol. Modem 60 attempts to connect with modem 
42 using the selected communication protocol at step 602. A 
counter is initialized to one at step 604 to signify the number 
of attempts made by the particular modem 60 to connect 
with a particular modem 42 using the selected communica- 60 
tion protocol. Server 18 updates communication device 
information 29 stored in database 22 at step 606. 

Server 18 determines whether the attempt to establish a 
connection between the particular modems 60 and 42 using 
the selected communication protocol failed at step 608. If so, 65 
execution proceeds to step 610 where server 18 increments 
the counter by one. Server 18 determines whether the 



counter is greater than a predetermined threshold at step 612. 
In particular, server 18 establishes a predetermined number 
of failed attempts to connect that a particular modem 60 may 
experience before attempting a connection using an alter- 
native communication protocol. If the counter does not 
exceed the predetermined threshold as determined at step 
612, then execution proceeds to step 614 where modem 60 
retries an attempt to connect with the particular modem 42 
using the currently selected communication a protocol. 
Execution then proceeds to step 606. If the counter exceeds 
the predetermined threshold as determined at 612, then 
execution proceeds to step 616 where server 18 selects an 
alternative communication protocol with which to connect 
modems 60 and 42. In one embodiment, server 18 selects a 
V-series communication protocol to connect modems 60 and 
42. Execution then returns to step 602. 

If modem 60 does not fail to connect with modem 42 as 
determined at step 608, execution proceeds to step 618 
where server 18 initiates the operation of modem 60 using 
the selected communication protocol. Communication 
server 58 provides data services to subscriber 12 at step 620 
using the connection established between modems 60 and 
42. Communication server 58 terminates the connection 
between modems 60 and 42 at step 622. Execution termi- 
nates at step 624. 

What is claimed is: 

1. A system for determining a communication protocol of 
a communication device operating on a twisted pair sub- 
scriber line, comprising: 

a communication server operable to maintain connection 
with a plurality of subscribers simultaneously using a 
polarity of subscriber lines, the communication server 
comprising a first communication device operable to 
communicate with a second communication device 
using a first subscriber line, and a third communication 
device operable to communication with a fourth com- 
munication device using a second subcriber line; and 

a processor coupled to the communication server and 
operable to determine that the first communication 
device is operable to communicate with the second 
communication device using a first communication 
protocol and, in response, to initiate the operation of the 
first communication device using a second communi- 
cation protocol for downlink data communication and 
using a third communication protocol for uplink data 
communication. 

2. The system of claim 1, wherein the communication 
server comprises a portion of a digital subscriber line access 
multiplexer and the first communication device is further 
operable to communicate with a communication network 
using a device of the digital subscriber line access multi- 
plexer. 

3. The system of claim 1, wherein a subscriber coupled to 
the communication server using the first subscriber line 
comprises the second communication device and the second 
communication device is operable to communicate with the 
first communication device using the second communication 
protocol. 

4. The system of claim 1, wherein the communication 
protocol comprises an xDSL communication protocol and 
the second communication protocol comprises on of a 
V-series communication protocol. 

5. The system of claim 1, wherein and first subscriber line 
supports communication using a particular frequency spec- 
trum and the processor initiates the operation of the first 
communication device using the second communication 
protocol for a subrange of frequencies in the frequency 
spectrum. 
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6. The system of claim 1, further comprising a memory 16. The system of claim 10, wherein the step of deter- 
coupled to the processor and operable to store an association mining comprises determining that the first communication 
between the first communication device and the number of device is inoperable to communicate with the second com- 
time that the first communication device fails an attempt to munication device using the first communication protocol 
communicate with the second communication device using 5 based upon the signal-to-noise ratio associated with the 
the first communication protocol. particular subscriber line. 

7. The system of claim 1, wherein the processor initiates 17. The system of claim 10, wherein the step of initiating 
the operation of the first communication device using the comprises initiating the operation of the first communication 
second communication protocol if the first communication device using the second communication protocol if the 
device fails am attempt to communicate with the second JQ second communication device is inoperable to communicate 
communication device using the first communication pro- using the first communication protocol. 

tocol a predetermined number of times. 18* A communication facility for determining a commu- 

8. The system of claim 1, wherein the processor deter- nication protocol of a communication device operating on a 
mines that the signal noise ratio associated with the first twisted pair subscriber line, comprising: 

subscriber line fails to exceed a predetermined threshold a memory that stores an association between a first 

and, in response, that the first communication device is communication device of a communication server and 

inoperable to communicate with the second communication the number of times that the first communication device 

device using the first communication protocol. atlem P l . to communicate with a second com- 

9. The system of claim 1, wherein the processor initiates munication device using a first communication proto- 
the operation of the first communication device is using the „_ co , an ... 

second communicate protocol if the second communication 20 a V^occssot coupled to the memory and operable to 

device is inoperable to communicate using the first commu- ml . tlate me °Pf ranon of . th f. commumcation device 

cat' oto 1 using a second communication protocol it the first 

1 -i ^ ? ^ r °.i_ C j r JA • • • . communication device fails an attempt to communicate 

10. A method for determining a communication protocol ^ (he second communication dt ^ using me first 

of a communication device operating on a twisted pair M communication protocol a predetermined number of 

subscriber line, comprising: times 

maintaining connections between a communication serve 19 The communication facility of claim 18, wherein the 

and a plurality of subscribers using a plurality of communication server comprises a portion of a digital 

subscriber lines; subscriber line access multiplexer and the first communica- 

identifying a first communication device of the commu- 30 tion device is further operable to communicate with a 

nication serve coupled to a second communication communication network using a network device of the 

device using a particular subscriber line; digital subscriber line access multiplexer. 

determining that the fist communication device is inop- 20. The communication facility of claim 18, wherein a 

erable to communicate with the second communication subscriber coupled to the communication server using a 

device using a first communication protocol; and 35 particular subscriber line comprises the second communi - 

initiating the operation of the first communication device cation device and the second communication device is 

using a second communication protocol for downlink operable to communicate with the first communication 

data communication and using a third communication device using the second communication protocol, 

protocol for uplink data communication. 21. The communication facility of claim 18, wherein the 

11. The method of claim 10, wherein the communication 40 first communication protocol comprises an xDSL commu- 
server comprising a portion of a digital subscriber line nication protocol and the second communication protocol 
access multiplexer, the method further comprising commu- comprises a V-series communication protocol. 

nication a signal between the first communication device 22. The communication facility of claim 18, wherein a 

and a communication network using a network device of the particular subscriber line that couples the first communica- 

digital subscriber line access multiplexer. 45 tion device and the second communication device supports 

12. The method of claim 10, wherein the first communi- communication using a particular frequency spectrum and 
cation protocol comprises an xDSL communication protocol the processor is further operable to initiate the operation of 
and the second communication protocol comprises one of a the first communication device using the second communi - 
V-series communication protocol. cation protocol for a subrange of frequencies in the fre- 

13. The method of claim 10, wherein the particular so quency spectrum. 

subscriber line supports communication using a particular 23. The communication facility of claim 18, wherein the 
frequency spectrum and the step of initiating comprises processor initiates the operation of the first communication 
initiating the operation of the first communication device device using the second communication protocol for down- 
using the second communication protocol for a subrange of link data communication and a third communication proto- 
frequencies in the frequency spectrum. 55 col for uplink data communication. 

14. The method of claim 10, further comprising storing in 24. The communication facility of claim 18, therein the 
a memory an association between the first communication processor determines that the first communication device is 
device and the number of times that the first communication inoperable to communicate with the second communication 
device fails an attempt to communicate with the second device using the first communication protocol based upon 
communication device using the first communication pro- 60 the signal-to-noise ratio associated with a particular sub- 
tocol. scriber line that couples the first communication devise and 

15. The system of claim 10, wherein the step of initiation the second communication device. 

comprises initiating the operation of the first communication 25. The system of claim 18, wherein the processor ini- 

device using the second communication protocol if the first tiates the operation of the first communication device using 

communication device fails an attempt to communicate with 65 the second communication protocol if the second commu - 

the second communication device using the first communi- nication device is in inoperable to communicate using the 

cation protocol a predetermined number of times. first communication protocol. 
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26. A system for determining a communication protocol 
of a communication device operating on a twisted pair 
subscriber line comprising: 

a communication server operable to maintain connections 
with plurality of subscribers simultaneously using a 5 
plurality of subscriber lines, the communication server 
comprising a first communication device operable to 
communicate with a second communication device 
using a first subscriber line; 

a processor coupled to the communication server and 10 
operable to determine that the first communication 
device is inoperable to communicate with the second 
communication device using a first communication 
protocol and, in response, to initiate the operation of the 
first communication device using a second communi- 35 
cation protocol for downlink data communication and 
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using a third communication protocol for uplink data 
communication; and 

a memory coupled to the processor and operable to store 
an association between the first communication device 
and the number of times that the first communication 
device the first an attempt to communicate with the 
second communication device using the first commu- 
nication protocol; 

wherein the processor initiates the operation of the first 
communication device using the second communica- 
tion protocol if the first communication device fails an 
attempt to communicate with the second communica- 
tion device using the first communication protocol a 
predetermined number of times. 

* * * * * 
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